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Abstract 
This paper first analyzes the causality of the maintenance and support (M&S) cost’s generation; then draws the stock and flow 
diagram, establishes the correlation equation of stock, flow, instrumental variables, constants and determines their initial value; 
on the basis of the model reasonable, analyzes the model’s calculation results, observes the change of the model results by 
adjusting model’s parameters to determine the optimal strategyˈ provides decision support for decision-makers. Emphatically 
analyzes the influence of parts’ failure rate and preventive maintenance rate on maintenance costs during the equipment’s life 
circle. The analysis results have verified this paper’s simulation method’s practicality. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The RDTE cost and maintenance costs of aviation equipment are extremely high in the new era; the equipment’s 
maintenance costs of US navy reached more than 200 billion US dollars every year. Since 1980s, the maintenance 
cost of aviation equipment was close to the sum of their research development charges and procurement costs, 
accounted for 14.2% of defense spending. Therefore, the studies of the principle of maintenance support cost’s 
generation and development and the effective methods to decrease and control the maintenance support cost are 
important method to control the cost in equipment’s whole life circle. 
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The existed analysis of maintenance cost often considered the whole average of the maintenance support cost in a 
certain long time episode, so the cost’s composition was relatively fixed, and the connection between maintenance 
factors would be ignored in the simplified analysis. If we quantify the connection between maintenance factors, we 
can comprehensively describe the equipment’s maintenance process and its transient behavior by analyzing the 
interaction and constraints between these factors. Then we can interpret the generation of maintenance support cost, 
sequentially we can give the maintenance support system’s analysis, design and improvement a right direction from 
the perspective of cost. 
This research aimed to decrease the cost, took aviation equipment’s corrective maintenance process as main 
research object, used system dynamic principal to analyze the dynamic characteristics of it, built a general model to 
describe it, the simulated it with computer. Provided an effective method to calculate, analyze and control the 
maintenance support cost. 
2. Corrective Maintenance of Aircraft and Influence Factors about Cost 
2.1. Corrective Maintenance of Aircraft  
Corrective maintenance is also called repair or trouble clear mend. It is a repair activity to make the 
malfunctioned or broken equipment to recover to required technical state. It includes one or all of the following 
activities: malfunction location, malfunction isolation, decomposition, replace, re-install, adjustment, verification 
and fix the damaged parts. From this we can see the corrective maintenance’s influence factors are from multiaspect. 
Firstly, the reliability of the equipment, it determines equipment’s malfunction time in a certain time which has 
direct relation with the maintenance cost. Secondly, the testability, it determines the time spent on detecting, locating 
the malfunction, which directly influents working-hours. Another factor is reparability. When the equipment or part 
of it has good reparability, maintenance personnel can fix the malfunction in a short time with less tool, maybe less 
material. Therefore, the above factors must be considered. 
Furthermore, the case intensity and operating environment also are factors that cause the aircraft fault. The longer 
time aircraft flies, the more fault will come out. When the fly environment is sever, such as low temperature, high 
temperature, high elevation, high humidity and so on environment problems, these will influences the fault rate. 
Therefore, these factors must be considered, too. 
2.2. Corrective Maintenance cost’s influence factors  
Because different repair consumes its relevant resource, there may be lots difference between them. If we want to 
estimate the maintenance cost precisely, firstly, we need to know the specific model’s maintenance activities which 
can be looked up in the maintenance scheme. When we use system dynamic methods to estimate the new researched 
equipment, we can take the similar one’s main Aircraft’s composition is complicated, thousands of components. We 
can’t do all the simulation of each component. It’s an impossible work, as a matter of fact, system dynamic method 
doesn’t suggest to build models for every detail.  Modeler can interact with experts, maintenance workers, 
maintenance recorders and finance staffs to determine the major components and build their models. The others’ cost 
can be simplify or convert into these ones. We can do further simulation when subdivision is necessary. 
Figure 1 shows a simple example for the problem of corrective maintenance. In this example, we assume that the 
corrective maintenance cost includes the corrective maintenance cost of repairable items with limited life, the 
corrective maintenance cost of repairable items with unlimited life, and the cost of repairable items. Figure 1 shows 
the composition of the cost and its effect factors. Figure 2 shows the causal loop diagram drawn by the software of 
Vensim. 
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Fig.1. Factors influencing corrective maintenance 
3. Causality Analysis of Corrective Maintenance Cost  
The causality analysis is critical to accurate and reasonable system dynamics model. Causal loop diagram is an 
important tool for system feedback structure [4]. CLD can quickly express hypotheses on the causes of the formation 
of system dynamics, and explains mental model of individual or team. If it turns out that some important feedback is 
the reason for the formation of the problem, then CLD can convey the feedback to others. 
A causal loop diagram contains multiple variables, and the causal relationship between variables is marked by the 
arrow. At the same time, some important feedback loops would be marked in the causal loop diagram. The causal 
relationship of the factors that affects the repair maintenance costs which are listed in Figure 1 is shown in Figure 2. 
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Fig.2. Causal loop diagram of corrective maintenance cost 
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4. Stock and Flow Analysis of Corrective Maintenance Cost  
In the social, economic and ecological systems, stock and flow are the two basic variables. Stock is accumulation, 
it shows the state of the system and provides the information base for decision-making and action. Flow reflects the 
stock changes over time, and the difference between inflows and outflows accumulated to produce the stock over 
time. 
As the equipment maintenance and support system we research on is very complex, there are many factors that 
affect the cost of maintenance and support. Therefore, it is difficult to explain the stock and flow diagram of the 
produce process of the maintenance support system costs. In this paper, we use the rate-variable fundamental in-tree 
modeling to solve the problem[5,6,7]Ǆ 
Stock and flow diagram of the corrective maintenance costs contains many factors. The stock factors include 
repairing times of repairable items with limited life, costs of repairable items with limited life, repairable items with 
unlimited life, costs of repairable items with unlimited life, replacing times of unrepairable items, costs of 
unrepairable items. Rate variables include variation of repairing times of repairable items with limited life, variation 
of costs of repairable items with limited life, variation of repairable items with unlimited life, variation of costs of 
repairable items with unlimited life, variation of replacing times of unrepairable items, variation of costs of 
unrepairable items. Auxiliary variables include the single repairing cost of repairable items with limited life, the 
single repairing cost of repairable items with unlimited life, labor cost etc. There are still some other constants like 
the replacement cost of repairable items with limited life, service life of repairable items with limited life, mean time 
to repair, on-site repair rate of repairable items with limited life etc. relationships among these variables are showed 
in figure 3 and the details are listed in table 1.  
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Fig.3 Corrective maintenance costs’ level-rate variables diagram of repairable items with limited life. 
5. Case study 
This case sets the aircraft as typical equipment and makes dynamics analysis on the life-cycle maintenance cost of 
aircrafts. All of the data about this aircraft are assumed. However, the relationship within these data in this system is 
credible. 
Actually, there are too many factors that can affect the cost of aircrafts’ maintenance and support. As a result, to 
build so large and complicated a system dynamics model needs a experienced model builder. What’s more, in order 
to finish a worthwhile model, a cooperator who knows the process and the cost of aircrafts’ maintenance and support 
is also needed. Thinking of the limited time and funds, this paper only adopts the assumed data for the case study to 
show that the method proposed by this paper is practical.  
5.1. assumptions of the case study 
Assumptions about this model are showed as follows: 
(1) All of the costs incurred in this model are taken as present value. This also means that this model does not 
take account of the inflation.  
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(2) This aircraft fleet is consisted of 24 aircrafts. Each plane will serve for 20 years and will fly 300 hours every 
year. 
(3) The M&S costs of this aircraft fleet are consisted of preventive maintenance costs, corrective maintenance 
costs, storage costs of spares, and training costs of the maintenance. 
(4) This paper only considers the scheduled maintenance when calculates the cost of preventive maintenance. 
Considering the aging of planes, the time interval of the scheduled maintenance should be adjusted. The corrective 
maintenance is only consisted of the repairing and replacing of the spare parts. The storage costs of spares are only 
affected by the quantities of spares. That means storage cost of each spare is a constant. When considering training 
costs, we assume that annul investment on maintenance training is also a constant. 
(5) In this paper, we assume that each plane has 100,000 parts. Within these spares, 60 percent of them are 
repairable items with limited life, 20 percent of them are repairable items with unlimited life, and the last 20 percent 
are unrepairable items. 
(6) Failure rates of all items are the same. 
(7) A single maintenance cost of repairable items with limited life, repairable items with unlimited life or 
unrepairable items is also a constant. And the cost of tools or facilities used for testing or repairing is also a constant. 
(8) The on-site maintenance rate of failure items is also a constant. 
(9) When a failure item is repaired or replaced, we regard increasing of the whole plane’s reliability as the 
increasing of item’s reliability. That is to say, when an item is replaced, it is still regarded as the old one’s 
continuation but its failure rate decrease. 
5.2. The stock-flow equation of subsystem corrective maintenance cost 
In the model of subsystem corrective maintenance cost, the parts of aircraft were classified into three categories—
—repairable product of limited life, repairable product of unlimited life and non-repairable product. Then we 
analyzed the repairing and replacement of the human cost, cost of raw materials, tools fee, facility fee, spare part 
replacement fee and other costs of the three kinds of parts. The correlate equations and initial values were shown in 
table 1. 
Tab.1 Correlation Equations Of Corrective Maintenance Costs 
Correlation 
Equation 
Equation of Level 
Variable(L) 
(1) repairing times of repairable items with limited life =INTEG(variation of repairing times of 
repairable items with limited life) 
(2) costs of repairable items with limited life =INTEG(variation of costs of repairable items with 
limited life) 
(3) repairing times of repairable items with unlimited life =INTEG(variation of repairable items 
with unlimited life) 
(4) costs of repairable items with unlimited life =INTEG(variation of costs of repairable items with 
unlimited life) 
(5) replacing times of unrepairable items =INTEG(variation of replacing times of unrepairable 
items) 
(6) costs of unrepairable items =INTEG(variation of costs of unrepairable items) 
(7) costs of corrective maintenance =INTEG(variation of costs of repairable items with limited life 
+ variation of costs of repairable items with unlimited life + variation of costs of unrepairable 
items) 
5.3. simulation result and analysis 
This part takes the impact of failure rate for maintenance and support costs as an example to show the simulation 
result. 
Failure rate refers to the probability of failure in the unit time after working for a period time, before the moment 
there is on failure. It is a key factor affecting the use of equipment as well as the maintenance and support costs of 
equipment. In other words, the reason of maintenance (including preventive maintenance and corrective) for 
equipment is malfunction of the equipment. This part will reduce the failure rate by 33.3%, 66.7% and 90% on the 
155 Liu Fang and Huang Zhaodong /  Procedia Engineering  99 ( 2015 )  150 – 155 
basis of the original assumption. Then observe the impact for the total cost and preventive, corrective maintenance 
costs in the life cycle of the aircraft when the failure rate is lower, as shown in Figure 4. 
Total Maintenance and Support Costs per year
M&S Costs per Year:
M&S Costs per Year: failure rate 30% off
M&S Costs per Year: failure rate 60% off
M&S Costs  per Year: failure rate 90% off  
Fag.4 Influence on M&S costs per year of aircrafts by reducing the failure rate 
6. Conclusions 
This paper analyzed the influence of failure rate of the typical equipment (aircraft) parts on the maintenance and 
support costs in the life cycle of the equipment. The cases study is based on assumptions. The result shows the 
failure rate of equipment has a significant impact on the maintenance and support costs. Reducing the failure rate can 
effectively reduce equipment life cycle cost. 
To concluded, this paper provided an effective system dynamics method to estimate the maintenance and support 
costs of equipment, which has complex factors and a long lasting time. It also provides a useful help to develop 
evaluation method of equipment life cycle cost. 
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